Objective: To observe the safety and short-term efficacy of apatinib in the treatment of recurrent, metastatic cervical cancer in patients who have already received more than two kinds of comprehensive treatment. Methods: Forty-eight patients with recurrent or metastatic cervical cancer after radiotherapy or surgery who received apatinib between June 2016 and June 2017 were involved in this study. These patients experienced progression after first-line or second-line chemotherapy. There were 38 patients with cervical squamous cell carcinoma, 8 with adenocarcinoma, and 2 with adenosquamous carcinoma. Progression-free survival (PFS), overall survival (OS), and treatment-related adverse events (AEs) were reviewed and evaluated. Results: All patients had complete follow-up records, and the median follow-up time was 14.5 months (5.5-20.5 months). Among the 48 patients, 14.58% achieved a partial response and 52.08% achieved stable disease. The overall response rate and disease control rate were 14.58% and 66.67%, respectively. The median time that the 48 patients received oral apatinib was 8.2 months. The median PFS was 4.6 months (95% confidence interval [CI]=3.31-5.26) and OS was 13.9 months (95% CI=8.37-17.96). The main apatinib-related adverse reactions were leukopenia (37.5%), neutropenia (41.67%), hemorrhage (37.5%), hypertension (33.33%), proteinuria (12.5%), fatigue (37.5%), and hand-foot syndrome (27.08%). Most of them were grade 1-2, and no drug-related death occurred. Conclusions: Apatinib can improve the disease control rate of recurrent and metastatic cervical cancer when chemotherapy has failed, and the treatment is well tolerated. This represents that apatinib may be a new treatment option for metastatic cervical cancer patients.
INTRODUCTION
Cervical cancer is the third leading cause of cancer-related death in females, and there were an estimated 527,600 new cervical cancer cases and 265,700 deaths worldwide in 2012 [1] . In recent years, the incidence of cervical cancer has significantly increased, and it is gradually affecting younger women [2] . Although improved treatments consisting of surgery, radiotherapy, and chemotherapy have prolonged the survival time and improved the quality of life of patients, there remain limited options for patients with metastatic cancers, especially those with persistent or recurrent disease after platinum-based chemoradiotherapy. Women diagnosed with locally advanced or metastatic carcinoma of the cervix have very poor prognosis, with a 5-year survival for patients with stage IV disease between 5% and 15% [3] . The widely accepted standard chemotherapy regimen for the treatment of metastatic, recurrent, or persistent cervical cancer is paclitaxel combined with cisplatin as proposed by the Gynecologic Oncology Group (GOG) [4] . However, this chemotherapy is not highly effective [5] , and patients who are physically weakened after repeated treatments cannot tolerate the side effects caused by long-term use of chemotherapy drugs. Moreover, if patients are resistant to platinum-based chemotherapeutic drugs, they face a situation in which no effective drug is available. Hence, clinical treatment of advanced and recurrent cervical cancer remains difficult, and a highly effective, simple, and well-tolerated treatment is urgently needed.
In recent years, the emergence and development of targeted drugs, especially antiangiogenesis agents, has been encouraging. Vascular endothelial growth factor (VEGF) is a key mediator of tumor angiogenesis, a process that correlates directly with the extent of disease and inversely with survival. There have been several clinical studies conducted to investigate the efficacy of anti-angiogenesis agents such as bevacizumab, sunitinib, and gefitinib. The results show that these drugs, especially bevacizumab, combined with chemotherapy drugs significantly increases the overall survival (OS) of advanced or recurrent cervical cancer, but there have been few studies on monotherapy with VEGF inhibitors, and most of these drugs have presented poor efficacy [6] [7] [8] .
Apatinib, a novel oral small molecule tyrosine kinase inhibitor that mainly targets vascular endothelial growth factor receptor (VEGFR-2) within cells, was approved by the China Food and Drug Administration for use as a single agent in patients with metastatic gastric or gastroesophageal junction adenocarcinoma after second-line chemotherapy failure [9] . In addition, apatinib has demonstrated good safety, tolerability, and efficacy in the treatment of advanced solid tumors such as colorectal, liver, non-small cell lung, ovarian, non-Hodgkin's lymphomas, and bone soft tissue sarcoma in clinical studies [10] [11] [12] [13] [14] [15] [16] . However, no clinical studies with detailed data have investigated the efficacy of apatinib in the treatment of cervical cancer. Herein, a retrospective series analysis was performed to evaluate the efficacy and toxicity of apatinib in recurrent, metastatic cervical cancer after failure of chemotherapy.
MATERIALS AND METHODS

General information
From June 2016 to June 2017, a total of 48 patients with recurrent or metastatic cervical cancer who received apatinib treatment in Affiliated Cancer Hospital of Zhengzhou University were enrolled in this study. All patients had underwent more than 2 comprehensive treatments and could not sustain surgery and radiation and were resistant to platinumbased chemotherapeutic agents or refused to continue chemotherapy. Patients were required to have at least one measurable lesion and a Karnofsky Performance Score ≥70. Before treatment, patients were confirmed to have a normal electrocardiogram and no intestinal obstruction, active bleeding, circulatory failure, or other serious complications, and there were no previous heart, liver, kidney, brain, or hematopoietic system diseases. Patients with a propensity for bleeding in the digestive tract, uncontrollable hypertension, coagulation abnormalities, who were receiving thrombolytic or anticoagulant drugs, who were urine protein positive, or had bilirubin ≥1.25 times the upper limit of normal were excluded. The median age was 58 (range, 32-75) years. Pathological diagnosis confirmed 38 patients with cervical squamous cell carcinoma, 8 with adenocarcinoma, and 2 with adenosquamous carcinoma. Among these patients, 15 had undergone surgery, radiotherapy, and chemotherapy, and 31 had undergone radiotherapy and chemotherapy. Most of the patients had multi-site metastases, including 33 patients with pelvic recurrence, 27 patients with retroperitoneal and/or mediastinal lymph nodes and/or supraclavicular lymph node metastasis, 11 patients with lung metastasis, and 7 patients with hepatic metastasis. Patient characteristics are listed in Table 1 . The study was approved by the Institutional Review Board of our hospital and was conducted in compliance with the Declaration of Helsinki and local regulatory requirements. The approved number of the Institutional Review Board is 2018120. All patients provided written informed consent.
Treatment protocols
Apatinib was given at a dose of 500 mg once a day, and the median time of apatinib administration was 8.2 (range 3 to 14) months. There was no chemotherapy or radiotherapy during oral administration. Apatinib was administrated until disease progression, unacceptable toxicity, or death. A dose reduction to no less than 250 mg per day was allowed, and dose increases were not allowed.
Response evaluation criteria
The primary objective of this study was to observe the progression-free survival (PFS), OS, and adverse drug reactions. Complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD) were assessed according to the RECIST version 1.1 response evaluation criteria in solid tumors [17] . The apatinib-related adverse events (AEs) were graded from 0 to 4 based on the Common Terminology Criteria for Adverse Events version 4.0 (CTCAE v4.0) [18] . Gynecological examinations were performed before each cycle of treatment. After each cycle of treatment, magnetic resonance imaging or positron emission tomography-computed tomography examinations were performed to evaluate the 3/8 https://ejgo.org https://doi.org/10.3802/jgo.2020.31.e2
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Follow-up
All patients were followed up to disease progression or death. PFS refers to the time interval between the administration of apatinib and tumor progression or death that was not caused by tumors. OS was defined as the duration from the time of apatinib treatment to the date of the patient's death by any cause or the last day of the follow-up period. The last follow-up date was May 15, 2018. The follow-up time of the whole group was 5.5 to 20.5 months, and the median follow-up duration was 14.5 months.
RESULTS
Treatment situation
The median time of treatment with apatinib in the 48 patients was 8.2 months. When high blood pressure, hematuria, hematochezia, or myelosuppression occurred, the dose of apatinib was reduced to 250 mg per day. Eleven patients required dose reductions for toxicity: hypertension (n=4), hematuria (n=1), hematochezia (n=1), and myelosuppression (n=5). Apatinib was discontinued in 24 patients due to the progression of the disease and in 3 patients because of physical decline.
Adverse effects
Adverse reactions were observed from apatinib treatment until death or 8 weeks after drug withdrawal. Adverse reactions associated with apatinib in 40 patients included leukopenia, neutropenia, hypertension, proteinuria, hemorrhage, fatigue, and hand-foot syndrome ( Table 2) . The most common grade 3 treatment-related non-hematologic adverse reactions included hypertension (6.25%), fatigue (2.08%), and hemorrhage (4.17%), and there was 1 patient each observed to have hematuria and hematochezia. Except for 2 cases of grade 4 leukopenia, 2 cases of grade 4 neutropenia, and 1 case of grade 4 hypertension, other grade 4 toxicities and drug-related deaths were not observed.
Efficacy
All patients had complete follow-up records and all the responses were therefore evaluable. Seven patients achieved PR, 25 patients had SD, and 16 patients reported PD, but CR was not achieved in any patient. The overall response rate (ORR) and disease control rate (DCR) were 14.58% (7/48) and 66.67% (32/48), respectively ( The main treatments for patients with recurrent or metastatic cervical cancer are surgery, radiotherapy, and chemotherapy. However, the anatomy and pelvic tissue elasticity of patients are significantly changed after repeated treatments, which cause great difficulty for operations, or postoperative complications seriously affect patient quality of life. If there is a recurrence or metastasis in the primary radiotherapy area shortly after the first Apatinib monotherapy in cervical cancer radiotherapy, another radiation treatment may result in severe complications, and the tumor may be insensitive to radiation. More importantly, if patients resistant to platinum-based chemotherapeutic drugs in the process of chemotherapy, they will face a situation where no effective drug is available. In addition, the efficacy of the standard treatments is generally not good, which presents a great challenge to gynecologists.
Increasing research on targeted drugs shows that they have good efficacy in patients with recurrent and metastatic cervical cancer. In GOG 240, the study group used bevacizumab in combination with chemotherapy to prolong the survival of patients with refractory, recurrent, or metastatic cervical cancer for approximately 4 months. The median OS was 17 months, the median PFS was 8.2 months, the response rate was 48%, and the patient's mortality rate was reduced by 29% [19] . However, combined treatment with multiple drugs results in major adverse reactions and poor tolerance, and it is difficult to maintain treatment. In another phase II study of sunitinib monotherapy [7] , 19 patients with locally advanced or metastatic cervical cancer who received first-line chemotherapy and had a pathological type of squamous or adenocarcinoma were treated. No patient achieved clinical remission after treatment, and the median disease-free survival (DFS) was 3.5 months; hence the treatment was not effective. There are several other VEGF inhibitors that are also being studied in patients with advanced cervical cancer. A phase II clinical trial (VEG105281) [20, 21] compared the efficacy of pazopanib and lapatinib monotherapies as a second-line or above treatment for stage IVB resistant or recurrent cervical cancer. The results showed that the pazopanib group (n=74) had a longer median PFS compared to the lapatinib group (n=78) (18.1 vs. 17.1 weeks, p<0.05). The OS was 49.7 weeks and 44.1 weeks in the pazopanib group and lapatinib group, respectively, but there was not a statistically significant difference between the groups. More targeted therapeutic drugs are still being explored for the treatment of cervical cancer.
Apatinib is an oral small molecule anti-angiogenic drug that is effective against multiple solid tumors. Twenty-nine patients with platinum resistance and recurrent ovarian cancer received 500 mg oral apatinib daily in a phase II clinical study [16] . The median PFS and the median OS were 5.1 months (95% CI=3.8-6.5) and 14.5 months (95% CI=12. 4-16.4) . A study of apatinib in cervical cancer cells showed that apatinib can induce G0/G1 phase arrest in cervical cancer cells, inhibit the proliferation of cervical cancer cells in a dose-dependent manner, and significantly reduce the expression levels of cyclin D3 mRNA and cyclin D3 protein (p<0.01) [22] . Another in vitro study showed that apatinib combined with radiotherapy can significantly arrest the G0/G1 phase of the cell cycle, but with no significant apoptosis induction [23] .
In this study, the effective rate and DCR of 48 patients receiving apatinib monotherapy was 14.58% and 66.67%, respectively. Among them, 7 patients had PR, 25 had SD, and 16 had PD. The median PFS was 4.6 months, and the median OS was 13.9 months. This efficacy is similar to that of other oral targeting drugs for cervical cancer, but lower than that of bevacizumab. The reason may be related to the benefits of combining bevacizumab and chemotherapeutic drugs, though the adverse reactions caused by combined chemotherapies are serious, and many patients receiving multiple treatments cannot tolerate them. Hence, apatinib may be used as a palliative treatment for cervical cancer patients unable to tolerate chemotherapy. Although the treatment efficacy in this study was low, the disease control rate was high and apatinib delayed disease progression.
Safety is also critical in the treatment of patients with recurrent and metastatic cervical cancer. Apatinib-related adverse reactions mainly include hypertension, hemorrhage, anemia, fatigue, hand-foot syndrome, and proteinuria [9, 24, 25] . In this study, adverse reactions associated with apatinib in the 48 patients were mainly hypertension, proteinuria, hemorrhage, fatigue, hand-foot syndrome, and leukopenia. Grade 3-4 adverse reactions were few, and only 1 patient experienced grade 4 hypertension of nonhematologic toxicity. The grade 3 toxicities included hypertension in 3 cases (6.25%), hemorrhage in 2 cases (4.17%, bladder bleeding in 1 case, rectal bleeding in 1 case), and fatigue in 1 case (2.08%). The most common grade 3-4 hematologic toxicities included leucopenia (10.41%) and neutropenia (10.41%), yet no drug-related deaths were observed. The GOG 240 study showed that patients given bevacizumab are more prone to grade 3 and 4 AEs, including bleeding (5%), thrombosis/embolism (9%), and gastrointestinal fistula (9%) [19] . Monk et al. found that the major grade 3 AE of pazopanib and lapatinib was diarrhea, of which the incidence rate in the pazopanib group was 11% and that of the lapatinib group was 13%; grade 4 adverse reactions were 9% in the lapatinib group and 12% in the pazopanib group [20] . The most common treatment-related AEs from apatinib administered to patients with ovarian cancer are hand-foot syndrome (51.7%), hypertension (34.6%), and nausea and vomiting (31%) [22] . The high incidence of bleeding in this study may be due to cystitis and proctitis bleeding after radiotherapy, and the other side effects were mild, indicating that apatinib may have a favorable safety profile for treating recurrent and metastatic cervical cancer.
In conclusion, apatinib monotherapy may be feasible for the treatment of relapsed and metastatic cervical cancer after chemotherapy failure, and it has certain advantages in terms of disease control rate and delaying disease progression. The patients' tolerance to the drug was good, the incidence of serious AEs was low, and the overall adverse reactions were mild, especially in patients with weak constitutions unable to tolerate chemotherapy. The recommended dose of apatinib is 500 mg daily. Although the sample size of this study was limited, it provides preliminary results indicating that apatinib may be appropriate for the treatment of recurrent and metastatic cervical cancer. Further prospective, large-scale phase II trials are in progress.
